The community structure of bacterioplankton in meromictic Lake Saelenvannet was examined by PCR amplification of the V3 region of 16S rRNA from microbial communities recovered from various depths in the water column. Two different primer sets were used, one for amplification of DNA from the domain Bacteria and another specific for DNA from the domain Archaea. Amplified DNA fragments were resolved by denaturing gradient gel electrophoresis (DGGE), and the resulting profiles were reproducible and specific for the communities from different depths. Bacterial diversity estimated from the number and intensity of specific fragments in DGGE profiles decreased with depth. The reverse was true for the Archaea, with the diversity increasing with depth. Hybridization of DGGE profiles with oligonucleotide probes specific for phylogenetic groups of microorganisms showed the presence of both sulfate-reducing bacteria and methanogens throughout the water column, but they appeared to be most abundant below the chemocline. Several dominant fragments in the DGGE profiles were excised and sequenced. Among the dominant populations were representatives related to Chlorobium phaeovibrioides, chloroplasts from eukaryotic algae, and unidentified Archaea.
Meromictic lakes, such as Lake Saelenvannet, are characterized by two permanent strata separated by a steep salinity gradient called the chemocline (39) . The mixing of the upper and lower strata are limited because of the physical surroundings and differences in water density. The interfaces in a meromictic lake can appear as zones with elevated bacterial activity and where bacterial community composition may change. Such zones are therefore suitable for studies of bacterial diversity and community structure. A fundamental understanding of aquatic ecosystems requires knowledge of the diversity, distribution, and function of bacterioplankton because of their importance in biogeochemical processes. Prokaryotic organisms are known to be functionally and metabolically diverse, exceeding that of all the eukaryotes (10) . Assessing the bacterial diversity within an ecosystem is difficult because for most bacteria, taxonomic classification requires their isolation and cultivation. This approach is impractical, particularly with natural ecosystems, due to the high number of bacteria that are unculturable (11, 36) .
In recent years, investigators have employed methods based on molecular phylogeny as a means to assess the diversity and distribution of prokaryotes in marine ecosystems (9, 11) . These methods rely largely upon sequence information of genes that are universally conserved, yet sufficiently different to reflect the phylogeny of the prokaryotes. The nucleotide sequences of rRNA have been used to develop group-specific oligonucleotide probes (3, 6, 18, 30) . Such probes can be used to assess the diversity and distribution of bacterial and archaeal populations by Southern hybridization (30) as well as fluorescence in situ hybridization (2, 6, 24, 25) . Alternatively, amplified regions of the rrn operon can be cloned, and the species abundance profiles of communities can be determined by sequence analysis of representative clones (9, 11, 36) . These studies have routinely shown that novel and previously uncharacterized microbial populations dominate aquatic ecosystems (5, 7, 9, 11) .
Denaturing gradient gel electrophoresis (DGGE) has been used to resolve PCR-amplified regions of genes coding for 16S rRNA (16S rDNA) based solely on differences in nucleotide sequence (22) . This has proven to be a simple approach to obtain profiles of microbial communities that can be used to identify temporal or spatial differences in community structure or to monitor shifts in structure that occur in response to environmental perturbations (19, 20, 37) . Moreover, since each DNA fragment in the profile is likely to be derived from one (or few) phylogenetically distinct populations, one can readily obtain an estimate of species number and abundance based on the number and intensity of amplified fragments in the profile. It has also been possible to infer the phylogeny of community members by DNA sequence analysis of amplified fragments after they have been excised (8, 21, 28, 32) .
Few studies of community diversity have been performed for meromictic lakes. Studies of a stratified fjord have focused on the distribution of sulfate-reducing bacterial populations (24, 32) . By in situ hybridization, the maximum number of sulfatereducing bacteria was found in and below the chemocline (24) . However, in the same study, sulfate-reducing bacteria were also cultivated from the oxic part of the water column by the most-probable-number method. DGGE analysis of the same stratified fjord revealed that the distribution of sulfate-reducing bacteria was continuously changing in composition but that the total mass remained the same throughout the water column (32) . Previous studies of Lake Saelenvann showed high rates of chemoautotrophic productivity at the interface and the highest rates of sulfate reduction just below the interface (14, 15) . These old studies, however, lack a solid taxonomic classification based on molecular data.
In this study, we applied the DGGE method to determine the relative genetic complexity of microbial communities at different depths in the meromictic Lake Saelenvannet. The technique was also used to monitor community changes in space and time. Two primer sets, one specific for DNA from the domain Bacteria and another specific for DNA from the domain Archaea, allowed depth profiles for these groups of organisms to be compared. By hybridizing blots of the DGGE profiles with group-specific probes against sulfate-reducing bacteria and methanogens, the distribution of these bacteria in the water column was determined. The taxonomic affiliation of some putative dominating members of the community was determined by sequencing dominating DGGE bands.
MATERIALS AND METHODS
Water samples. Water samples were collected from various depths in Lake Saelenvannet three times between March 1995 and April 1996 with a submersible pump as described by Tuomi et al. (35) . One-liter samples were collected from the upper oxic water layer, the chemocline, and the anoxic bottom layer at depths of 1.5, 2.5, 3, 5, and 15 m. Temperature and salinity were measured with a salinoterm and a YSI model 33 S-C-T meter (Yellow Springs Instrument Co., Yellow Springs, Ohio). Oxygen was measured with an oxygen electrode and a YSI model 57 oxygen meter (Yellow Springs Instruments). Sulfide was determined colorimetrically as described by Grasshoff et al. (12) . Samples for microbiological analyses were transported to the laboratory within 1 h. The bacterioplankton community was harvested by centrifugation of 1.5-ml samples at 10,000 ϫ g for 30 min. The cell pellets were washed once in phosphate-buffered saline (137 mM NaCl, 2.7 mM KCl, 4.3 mM Na 2 HPO 4 ⅐ 7H 2 O, 1.4 mM MKH 2 PO 4 [pH 7.3]), resuspended in 50 l of sterile distilled water, and frozen. The cell suspensions were thawed and used for whole-cell PCR amplification. To verify that the centrifugation of the water samples efficiently recovered the cells, a microscopic examination was performed. The supernatants were stained with DAPI (4Ј,6-diamidino-2-phenylindole) (23) and examined by fluorescent microscopy. Less than 3% of the total bacterial population was found to be left in the supernatant that was discarded.
PCR primers and probe sequences. The V3 region of 16S rRNA genes from the bacterioplankton community was amplified by PCR with two different primer sets (Table 1) . One primer set, PRBA338f and PRUN518r, amplified a product 236 bp in length. The PRBA338f primer complements a region conserved among members of the domain Bacteria. This primer does not perfectly match all known bacterial sequences, and the stringency has been reduced to permit these matches. In addition, the reverse primer, PRUN518r, is based on a universally conserved region. PCR mixtures used for amplification of bacterial sequences contained 10 l of washed cell suspension, 0.5 M each primer, 100 M each deoxynucleoside triphosphate, 10 l of 10ϫ Red Hot PCR buffer, 0.5 U of Red Hot DNA polymerase (Advanced Biotechnologies Ltd., Surrey, United Kingdom), 0.1% bovine serum albumin, and sterile water to a final volume of 100 l. PCR amplification was done with the following program: 92°C for 2 min; 30 cycles of denaturation at 92°C for 1 min, annealing at 55°C for 30 s, and extension at 72°C for 1 min; and a single final extension at 72°C for 6 min. Archaeal 16S rRNA sequences were obtained by nested PCR amplification with the conditions described above, but 5% (wt/vol) of acetamide was added to minimize nonspecific annealing of the primers to the bacterial template present in the samples (27) , and the annealing temperature was lowered to 53.5°C. For nested PCR, PRA46f and PREA1100r were first used to produce a 1,072-bp fragment, which was then used as a template in combination with the primers PARCH340f and PARCH519r. This amplification was performed with the same settings as those used in the first round of amplification except that acetamide was excluded. The GC clamps described by Muyzer et al. (20) were included on the 5Ј end of the forward primers for both the Bacteria and Archaea (PRBA338f and PARCH340f). The presence of PCR products was confirmed by analyzing 5 l of product on 1.5% agarose gels and staining with ethidium bromide.
DGGE. DGGE was performed with a Hoefer Scientific SE600 vertical dualcooler system. PCR samples were loaded onto 8% (wt/vol) polyacrylamide gels in 0.5ϫ TAE (20 mM Tris, 10 mM acetate, 0.5 mM Na 2 EDTA [pH 7.4]). The 8% (wt/vol) polyacrylamide gels (bisacrylamide gel stock solution, 37.5:1; BioRad Laboratories, Inc.) were made with denaturing gradients ranging from 15 to 55% (where 100% denaturant contains 7 M urea and 40% formamide). The electrophoresis was run at 60°C, first for 10 min at 20 V and subsequently for 3 h at 200 V. After electrophoresis, the gels were soaked for 45 min in SYBR Green I nucleic acid gel stain (1:10,000 dilution; Molecular Probes, Eugene, Oreg.), rinsed for 10 min in water, and photographed on a UV transillumination table with a Polaroid (Cambridge, Mass.) MP4 Land camera.
Blotting and hybridization analyses of DGGE gels. DGGE-separated PCR products were blotted and hybridized to rRNA-specific probes. After electrophoresis, the gel was allowed to equilibrate in 1ϫ TBE buffer (89 mM Tris-borate [pH 8.0], 89 mM boric acid, 2 mM Na 2 EDTA) for 15 min. The nucleic acids were transferred electrically to a nylon membrane (Hybond N; Amersham, Little Chalfont, Buckinghamshire, United Kingdom) with 400 mA of current for 15 min by use of a Sammy Dry electroblotter apparatus (Schleicher & Schuell). The membrane was then baked for 2 h at 80°C to cross-link the DNA fragments to the membrane.
The membranes were hybridized with oligonucleotide probes that were specific for either sulfate-reducing bacteria or for the methanogenic order Methanococcales or Methanosarcinales and Methanomicrobiales (Table 1) (37) . Probes were labeled with digoxigenin with the DIG oligonucleotide 3Ј-end labeling kit by the protocol recommended by the manufacturer (Boehringer, Mannheim, Germany). Hybridization was performed as described by Stahl and Amann (30) in 5ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.1% (wt/vol) sodium dodecyl sulfate (SDS). The probe specific for the ␦ subdivision of the sulfate-reducing bacteria was hybridized at a temperature of 57°C. Under these hybridization conditions, the probe did not cross-react with DNAs from members of the ␣, ␤, or ␥ subdivision of the class Proteobacteria, high-GϩC-content gram-positive bacteria, or the cytophaga-flexibacter or bacteroides groups. The probe against Methanosarcinales and Methanomicrobiales, M(SA/MI)355, was hybridized at 49°C, and the probe against Methanococcales, M(CO/BA)377, was hybridized at 58.5°C. By using these temperatures, the two probes did not cross-hybridize. After hybridization, the membranes were washed twice for 5 min in 2ϫ SSC-0.1% SDS at room temperature and twice for 15 min in 0.1ϫ SSC-0.1% SDS at the hybridization temperatures. Detection of hybrids was performed as described by the manufacturer. Hybridized digoxigenin-labeled probes were detected with a digoxigenin-specific antibody coupled to alkaline phosphatase, which acts on the substrate CDP-star (Boehringer). After the membranes were rinsed, they were wrapped in plastic wrap and exposed to Hyperfilm-ECL (Amersham) for 5 to 30 min. To remove hybridized probe, the membranes were boiled in 0.5% SDS, and the solution was allowed to cool to room temperature.
Sequencing of DGGE fragments. DNA fragments to be nucleotide sequenced were punched from the gel with sterile pipette tips and placed in sterilized vials, and 20 l of sterilized water was added. The DNA was allowed to passively diffuse into the water at 4°C overnight. Ten microliters of the eluate was used as template DNA in a PCR with the primers and conditions described above. Following amplification, the PCR products were analyzed by DGGE to confirm their electrophoretic mobility relative to the fragment from which they were excised. The PCR products were directly sequenced with an AmpliCycle sequencing kit (Perkin-Elmer, Roche Molecular Systems, Branchburg, N.J.) as described in the manufacturer's instructions. The products of the sequencing reactions were separated on a 6% (wt/vol) acrylamide-bisacrylamide (19:7.1)-7 M urea wedge-shaped gradient gel (0.2 to 0.6 mm) with an LKB 2010 sequencing system. The gels were run at 55°C for 3 h at a constant voltage of 1,750 V, sequentially washed for 20 min in 10% acetic acid, 20 min in 10% acetic acid with 1% glycerol, and briefly in distilled water, and then dried overnight on a glass plate. The gels were then exposed overnight to Hyperfilm-␤max (Amersham). The sequences were aligned to 16S rRNA sequences obtained from the National Center for Biotechnology Information database by the BLAST search (1).
Nucleotide sequence accession numbers. The sequences obtained in this study are available in GenBank under accession numbers AF007938 (fragment 2), AF007939 (fragment 5), AF007940 (fragment 7), and AF007941 (fragment 13).
RESULTS
Characteristics of Lake Saelenvannet. Lake Saelenvannet is a permanently stratified estuary in western Norway (14) wherein the oxic surface water is separated from the anoxic bottom water by a permanent chemocline. A narrow channel (roughly 0.5-m deep and 2-m wide) that connects the lake to the sea restricts vertical water transport and deep mixing, thus limiting the exchange of oxygenated water. Consequently, the surface layer (0 to 2 m) is oxic and brackish with a salinity of 2 to 12%, whereas the bottom layer (2.5 to 26 m) is anoxic with a salinity of 20 to 22% (Fig. 1) . Bacterial numbers based on microscopic counts ranged from 10 6 to 10 7 ml Ϫ1 , with the highest number found at the interface between the oxic and anoxic water layers (35) .
Optimization of whole-cell PCR amplification. To optimize the PCR amplification of microbial populations, the effect of the number of cells used as a template was determined. Bacterial suspensions containing between 10 4 and 10 7 cells per ml all gave a good yield of amplified product, regardless of the sampling depth (Fig. 2A) . The DGGE profiles of replicate samples taken from the same depth were essentially identical (Fig. 2B) . These results indicate that the number of cells present in samples used as a template for PCR did not significantly affect the analysis of microbial community structure by DGGE.
Effect of depth on microbial community structure. 16S rDNA fragments obtained by PCR amplification of whole-cell microbial communities at different depths in Lake Saelenvannet were analyzed by DGGE. Two different primer sets were used in this study, one for DNA from Bacteria and the other for DNA from Archaea. The bacterial populations from different depths showed distinctly different profiles based on the number and distance of migration of the PCR products (Fig. 2B) . The bands in the DGGE profile correspond to 16S rRNA fragments that differ in nucleotide sequence. They thus reflect distinct numerically dominant microbial populations in the community. Moreover, the intensity of the PCR product is believed to be proportional to the abundance of the template and therefore the abundance of each population (20) . Hence, the appearance and disappearance of fragments in the DGGE profiles approximate shifts in the microbial community structure. Comparison of DGGE profiles shows that the structures of bacterial communities at various depths differ from one another (Fig. 2B) . In general, the number of populations decreased with increasing depth. The oxic zone had the greatest number of bacterial populations, and they were present in approximately equal numbers. Some populations were present only in the oxic zone (Fig. 2B, fragments 1, 3, and 4) . At a depth of 3 m, no unique numerically dominant populations were observed. In contrast, the anoxic zone had three dominant populations (Fig. 2B , fragments 5 to 7) in addition to other minor populations. These dominant populations were also present in the oxic zone but at lower numbers. Some populations appeared to be common throughout the water column (Fig. 2B, fragments 6 and 7) .
Analyses of 16S rDNA fragments amplified with the primers specific for DNA from Archaea showed that this part of the microbial community structure as well varied between different zones of the water column (Fig. 3) . One dominant population was common to all the depths sampled (fragment 9). The diversity of members of Archaea was higher in samples taken from the anoxic zone than from the oxic zone. This was opposite from the findings obtained with primers specific for DNA from Bacteria, which showed the greatest diversity in the oxic zone. All the archaeal populations present in the upper oxic zone were present in the other zones as well (Fig. 3 , fragments 8, 9, 11, and 12). At a depth of 2.5 m, there was one minor population that appeared to be unique (fragment 10). In the anoxic zone, the number of distinct populations increased with depth. Three populations appeared to be unique to the anoxic zone (Fig. 3, fragments 14 to 16) . One of these (fragment 16) was also present at 3 m and, given the width of the fragment, may consist of several different archaeal populations.
Temporal variations in microbial community structure. The community structure in the different regions of the water varied at the different sampling times (Fig. 4) . Three samples were collected from March 1995 until March 1996, and major differences were observed at each depth for every sampling time. Differences from one month to another were also detected (Fig. 4) . The temporal variation showed that the chemocline was at a higher position in the water column in 1996 (2.5 m) than in 1995 (3.0 m). This was illustrated by the salinity profile (data not shown) and the position of the dominating population represented by fragment 17 (Fig. 4) . Based on the numbers of DGGE fragments, higher numbers of bacterial populations were present at a depth of 2.5 m than at other depths. This illustrates that some of the temporal differences observed are due to changes in the depth of the chemocline.
Hybridization analysis of microbial populations. There is a permanent chemocline in Lake Saelenvannet caused by no mixing between oxic and anoxic zones. Because of this, one would expect anaerobic processes such as sulfate reduction and methanogenesis to be dominant below the chemocline and the structure of the microbial communities to reflect this. The presence of sulfate-reducing bacteria in water samples taken from various depths was determined by Southern hybridization of DGGE gels with a digoxigenin-labeled 16S rRNA oligonucleotide probe. The probe used was specific for gram-negative sulfate-reducing bacteria of the ␦ subdivision of the class Proteobacteria. The probe hybridized with two fragments present in samples from all the different depths (Fig. 2B , fragments 5 and 6). Weak hybridization signals were obtained with samples from the oxic water phase, whereas samples from the chemocline and to a depth of 15 m gave intense hybridization signals. These results indicate that there were sulfate-reducing populations within the entire water column but that they were more dominant in the anaerobic zone.
Similar experiments were done with oligonucleotide probes specific for various groups of methanogens. Two fragments hybridized with the M(SA/MI)335 probe (Fig. 3, fragments 11 and 13), indicating that methanogenic bacteria in the water column belonged to the Methanomicrobiales and Methanosarcinales. The M(CO/BA)377 probe did not hybridize to any fragments, suggesting that common marine methanogens of the Methanococcales group were absent or in low abundance. However, if we reduced the hybridization temperature by 1°C, we found that some of the target for the M(SA/MI)355 and M(CO/BA)377 probes cross-hybridized and that several of the Archaea DNA fragments hybridized with both probes. This may indicate that there are bacteria present with high sequence similarity to both groups of methanogens. The probes strongly hybridized to fragments amplified from microbial communities in the 3-, 5-, and 15-m samples. The same hybridization pattern was observed in samples from oxic zones but at a much lower intensity. These data indicate that the majority of methanogens are present below the chemocline.
Sequencing and identification of DGGE fragments. To confirm results from hybridization experiments, four bacterial fragments and two archaeal fragments were excised from the DGGE gels and amplified by PCR and the nucleotide se- quences were determined. None of the sequences obtained precisely matched those found in the database, suggesting that previously uncharacterized populations can be present in Lake Saelenvannet. Fragment 7 (Fig. 2B) (and fragment 17 [Fig. 4]) showed 98% sequence similarity to a Chlorobium phaeovibrioides DNA fragment. Fragment 2 (Fig. 2B) showed 90% sequence similarity to 16S rRNA chloroplast genes from the eukaryotic alga Euglena gracilis. This fragment was present at both 1.5 and 2.5 m but not at greater depths. The absorption spectra of the water masses at this depth also suggest that there are green algae and cyanobacteria present, and these are important components of the picoplankton in the lake. Fragment 5 (Fig. 2B) showed 96% similarity to an unidentified marine bacterium (Hstpl 4). This is an uncultured microorganism associated with the seagrass Halophila stipulaceae (38) . Fragment 13 showed 91% similarity to a DNA fragment of an unidentified Archaea clone (SBAR5) isolated from coastal marine environments (5). Fragments 8 and 11 (Fig. 3) yielded a PCR product, but further sequencing failed due to impurities of the amplified product.
Visually dominant microbial populations. Nucleotide sequence analysis indicated that C. phaeovibrioides, a green sulfur bacterium, was dominant at and below the chemocline. The presence of green sulfur bacteria in the water column was also suggested by absorption spectral analysis of the water. The absorption maxima at 720 nm is consistent with the absorption maxima of bacteriochlorophylls c, d, and e found in green sulfur bacteria and Chloroflexus of between 715 and 755 nm (29) . Moreover, electron microscopic analysis of water samples from a 2.5-m depth showed that organisms with morphology similar to that of C. phaeovibrioides were dominant members of the community. Analyses of water samples at other depths showed significantly lower number of Chlorobium-like cells and total number of organisms (Fig. 5 ). This clearly shows that this Chlorobium population has an affinity for the chemocline.
DISCUSSION
In this study, the microbial diversity and community structure within the water column in a meromictic lake were estimated. The microbial ecology of such lakes is of specific interest because the chemocline is believed to spatially separate distinct microbial communities. Spatial and temporal studies of the heterogeneity of bacterial populations in marine environments have been limited mainly due to the labor intensiveness of cloning and sequencing, oligonucleotide probing, and cultivation approaches. DGGE separation of PCR products allowed a rapid assessment of the relative changes in the community structure of the amplifiable bacterioplankton within the lake. By use of this approach, we could study the distribution of microbial populations along a depth profile, and because the technique is rapid and reproducible, we were also able to study the temporal variations in the community. For determination of more specific traits in the community structure, hybridization and sequencing analysis of individual bands were performed. There has been a concern with chimera formation during the PCR amplification process (17, 27, 31) . To avoid this problem, we chose to amplify the shorter and highly variable V3 region of 16S rRNA for DGGE analysis. The primers were designed to specifically amplify DNA from either Bacteria or Archaea. To check the reproducibility of PCR products and the subsequent DGGE patterns, many replicate amplifications and DGGE gels were run. All were highly reproducible. If a bias in the amplification process exists, it is constant and the banding profiles can be reliably compared. The shifts that we are detecting by the different gel patterns are indeed due to changes in the environmental samples.
The lake system is permanently stratified with an oxic-anoxic interface in the photic zone at about 2.5 to 3 m. The most striking results were the shift in DGGE pattern between the oxic and anoxic parts of the lake. In the oxic part, oxygenic photosynthetic activities occur, as reflected by the presence of photosynthetic organisms. The DGGE profile of Bacteria in the oxic zone, compared to that in the anoxic zone, showed a higher number of individual bands (15 to 20) with an equivalent intensity. In the anoxic zone, the number of bands decreased, but the intensity of some of the bands increased. Thus, the highest diversity was found in the oxic zone, with no dominant populations. Höfle and Brettar (13) found the highest number of dominant taxa in the biologically most active regions of the water column. Their data indicated that three to seven taxa comprised as much as 85 to 90% of the total community. A rather limited number of taxa in marine systems has also been reported by Rehnstam et al. (26) .
Our results showed a decrease in diversity but an increase in intensity of some of the populations of Bacteria; we also found that few dominant bacterial populations were present in and below the chemocline. The chemocline in Lake Saelenvannet is a unique habitat where H 2 S, light penetration, and low oxygen are present. This habitat is ideal for chemoautotrophs as well as photoautotrophs. The photoautotrophic bacteria that do not evolve oxygen during photosynthesis are able to use a whole range of electron donors such as H 2 S and organic acids. Hybridization with group-specific probes showed that sulfate-reducing bacteria were present in the entire water column, but the majority of them were present in the anoxic zone. The number of sulfate-reducing organisms in the anoxic part of the water has earlier been estimated to be 10 to 50 ml Ϫ1 (14). Ramsing et al. (24) found by in situ hybridization that the maximum number of sulfate-reducing bacteria occurred in and below the chemocline of a stratified fjord. Teske et al. (32) studied the same fjord and found that the population composition of sulfate-reducing bacteria was continuously changing throughout the water column, even though the total mass remained fairly constant. They also found that DGGE analysis of 16S rDNA-derived PCR products revealed a highly differentiated pattern of active versus dormant subpopulations.
In the anoxic part of Lake Saelenvannet, reductive processes take place. The DGGE method may distinguish those microorganisms responsible for the process. The numbers of Bacteria populations decreased in the anoxic zone. On the other hand, the numbers of Archaea populations were lowest in the oxic zone and increased with depth. These results are in agreement with observations made by others. Evidence from the Antarctic, Atlantic, and Pacific Oceans suggest that uncultivated Archaea may dominate in marine environments (5, 7, 9) and thus may be the most abundant group of organisms on earth.
The DGGE profile of the Archaea showed several bands that hybridized with probes for methanogens. Methanogenesis is more common in freshwater and terrestrial environments than in the sea (4), which contains high levels of sulfate, because sulfate-reducing bacteria effectively compete with the methanogens for available acetate and H 2 . In previous studies, methane was detected only in the anoxic zone of Lake Saelenvannet (15) , and the results indicated that methanogens were present in the anoxic water. The technique used in this study is therefore an easy way to detect methanogens in natural environments since these organisms can be slow-growing and difficult to isolate (15, 40) .
When the community structure of bacterioplankton over time was observed, we found shifts within the same sample depths due to temporal variations. We were able to detect major changes from samplings in 1995 to samplings in 1996, and we could also see seasonal changes in 1996. The chemocline was at a higher level in 1996 (2.5 m) than in 1995 (3.0 m). This shift is reflected by the dominating population represented by band 15 (Fig. 4) . The nucleotide sequence of this band had a high similarity to the DNA sequence of C. phaeovibrioides (98%). This bacterium has a characteristic morphology; therefore, direct microscopic observations confirmed that this population was indeed numerically dominant at the chemocline. The red water at the oxic-anoxic interface also indicates that the photosynthetic bacteria are the dominating population in this community. On top of this red layer, a dense population of Euglena sp. was observed (35) . Sequencing data of fragment 2 (Fig. 2B) showed 90% similarity to Euglena gracilis DNA sequence data, and this band was present only in the oxic zone. The temporal shifts in the anaerobic zone were less significant.
DNA fractions obtained by this approach were further analyzed with DNA probes to detect populations of sulfate-reducing bacteria and methanogens. The maximum number of sulfate-reducing bacteria and methanogens occurred in and below the chemocline. Some of the populations were present in all of the different water layers. Communities from different zones could have been mixed due to sedimentation of organisms in large aggregates of cells, buoyancy of cells with gas vesicles, or transportation with gas bubbles. Although our results suggest diversity of metabolic types, these findings address the ecological question of whether bacterial populations observed in the community based on phylogenetic analysis are those metabolically active in these communities.
